Although many bacteria are tolerant to heavy metals and play important roles in the immobilization of heavy metals, they cannot always be dependably reproduced under field conditions. In this work, a cadmium (Cd)-resistant bacterium was isolated from a Cd-contaminated oil field and identified as Pseudomonas aeruginosa (Pse-w). We then determined various plant growth promoting features such as the solubilization of phosphate, and the production of indole-3-acetic acid and siderophores. Lastly, we engineered the strain Psew-MT by targeting metallothioneins to the cell surface of Pse-w to immobilize Cd 2+ and promote plant growth. Our data revealed that Pse-w exhibited high levels of resistance to Cd 2+ (4 mM) and showed various plant growth promoting features. The engineered strain Pse-w-MT was found to adsorb Cd 2+ mainly via extracellular deposition, and had an enhanced ability for immobilizing Cd 2+ ions from the external media. Furthermore, the inoculation of Cd-polluted soil with Pse-w-MT significantly elevated the shoot and root biomass and leaf chlorophyll content. Similarly, plants inoculated with Psew-MT demonstrated markedly lower Cd 2+ accumulation in the root and shoot system. It was concluded that plant growth promoting rhizobacteria with a high Cd 2+ tolerance was an ideal candidate to be engineered for bioremediation and plant growth promotion against Cd-induced stress.
Introduction
Cadmium (Cd) is a major environmental pollutant which is toxic to many organisms, including plants, animals and humans. It has an extremely long biological half-life (>20 years), is one of the 126 priority contaminants declared by the US-EPA, stands seventh among the top 20 toxins, and is classified as a probable human carcinogen (Ramos et al., 1994; Yang et al., 2004) . Metal-polluted land is not suitable for the cultivation of food or feed crops, and such soils require remediation to reduce the hazardous risk. After accumulation, an excessive amount of Cd in soil, air or water can induce a range of morphological, biochemical and physiological alterations in plants, leading to stunted growth and even plant death (Asgher et al., 2015) . Therefore, the toxicity of Cd requires an inexpensive and effective strategy to clean up contaminated sites. However, physicochemical methods have not been widely practiced for Cd removal, due to the following difficulties: (i) operation on a large scale, (ii) negative impact on the environment, and (iii) the prohibitive cost of operation (Gomez-Sagasti and Marino, 2015) . Considering these factors, the focus has shifted to find some low-cost option for removing/reducing cadmium toxicity from contaminated regions. In this regard, the use of bacterial cultures, especially plant growth promoting rhizobacteria (PGPR), play a significant role in alleviating metal toxicity resulting in ameliorating effects on the growth of plants and mineral uptake (Krznaric et al., 2010; Pan et al., 2010) . Among the mechanisms induced by PGPR include lowering the level of ethylene in plants due to an increased activity of 1-aminocyclopropane-1-carboxylate (ACC) deaminase, with an alternate increase in indole acetic acid (IAA) that allows the metal-stressed plant to increase its root growth and become better established at an early growth phase by the production of siderophores.
Mechanistically, PGPR reduces the metal toxicity by different mechanisms, such as biosorption, mobilizing metals through the excretion of organic acids or bioleaching, immobilization or bio-mineralization, intracellular accumulation, and enzyme-catalyzed transformation (Khan, 2005; Khan et al., 2012) . Apart from metal removal/detoxification, metal-tolerant microbes provide hugely important nutrients to plants (Oves et al., 2010) , protect plants from phytopathogens by synthesizing antimicrobial compounds, cyanogenic compounds, and siderophores, and accelerate the availability of phytohormones, such as IAA etc., when applied to seed and soil (Zaidi and Khan, 2007) .
In microorganisms, heavy-metal adsorption arises from the metabolism-independent interaction of heavy-metal ions with cell-surface components, and from metabolismdependent uptake followed by intracellular sequestration (Gaur et al., 2014) . As a site for contact and reaction with environmental materials, the cell surface has recently come to be regarded as attractive in the bioremediation of heavymetal contaminated environments. Bacteria displaying different metal-chelating compounds on their surface have been constructed and these recombinant cells have exhibited enhanced adsorption of heavy metals to varying degrees (Dixit et al., 2015) . Metallothioneins (MTs) are a group of cysteine-rich eukaryotic proteins that could bind heavy metals to form a nontoxic or low-toxic complex (Cai et al., 2012) . Previous studies have shown that heterologous MT can be successfully displayed on the cell surface in several microorganisms (Chaturvedi and Archana, 2014; He et al., 2012; Tozakidis et al., 2015) . Therefore, engineering heterologous MT on the cell surface of heavymetal-resistant PGPR could not only elevate the adsorption capacity of removing metal, but also promoting plant growth.
Compared with the vast and varied inherent functional properties of PGPR, there is little information available on the role of metal-tolerant PGPR with surface-displayed MT on the biosorption of Cd 2+ , and the growth promotion of plants, when grown intentionally in metal-contaminated soils, or in soils already polluted with heavy metals such as Cd 2+ . The purpose of the present investigation was to obtain an engineered strain having the characteristics of high Cd 2+ resistance, Cd 2+ remediation ability, and plant growth promoting activities. First, we isolated the Pseudomonas aeruginosa strain Pse-w which was recovered from the subsurface soils of an oil field. Second, a study of the characterization (IAA, siderophore production and phosphate solubilization) of the highly Cd 2+ -resistant PGPR Pse-w was undertaken. To this end, we engineered mouse MTs on the surface of Pse-w, then we evaluated the ability of the resulting strain Pse-w-MT for immobilizing Cd 2+ from the external media and decreasing the uptake of Cd 2+ in roots and shoots.
Materials and Methods
Bacterial strains and growth conditions. The bacterial strains used were as follows: wild-type Pseudomonas aeruginosa CCTCC (China Center for Type Culture Col-lection) AB93066 (named Pse-AB) as a control strain; and isolates obtained from soils with heavy metal contamination (Pseudomonas aeruginosa strain Pse-w). Bacteria cells were grown at 30∞C in a liquid beef extract peptone (BPD) medium (beef extract 0.3%; peptone 0.5%; NaCl 0.5%), or in BPD-agar 1.5% (wt/vol) plates supplemented with the appropriate antibiotics. Ampicillin was used at 100 mg/mL final concentrations. For bioaccumulation studies, a minimal low-phosphate MJS medium was used instead of BPD to prevent metal precipitation. The MJS medium consisted of 12.5 mM HEPES (pH 7.1) with 50 mM NaCl, 20 mM NH 4 Cl, 1 mM KCl, 1 mM MgCl 2 , 0.05 mM MnCl 2 , 0.8% (wt/vol) casamino acids, 4% (vol/vol) glycerol, 0.005% (wt/vol) thiamine.
Isolation and identification of Cd 2+ -resistant bacterial strain.
Cd-tolerant bacterial strain was isolated from the oil field of Henan Province, China. The soil sample was diluted with sterile water and the dilutions were plated onto BPD-agar plates amended with 2 mM CdCl 2 . Screened strains were transferred to a liquid BPD medium supplemented with increasing concentrations of CdCl 2 . An opaque bacterial colony which can resist 4 mM Cd 2+ was selected and designated as the strain Pse-w. Standard biochemical tests were carried out according to Bergey's Manual of Systematic Bacteriology (Holt et al., 1984) . The 16S rRNA gene was performed by PCR using bacterial universal primers 27F and 1540R (Rainey et al., 1996) and the PCR products were sequenced by Invitrogen Biotechnology Co. Ltd. (Shanghai, China) to identify the strain Pse-w. Sequence similarity was searched for using the National Center for Biotechnology Information BLAST program and calculated by pairwise alignment obtained from the EzTaxon database (Chun et al., 2007) . Analysis of the 16S rRNA gene sequence data was performed using the software package MEGA version 4.0 (Tamura et al., 2007) after multiple alignment of the data by CLUSTAL_X (Thompson et al., 1997) . The phylogenetic tree was inferred using the neighbor-joining methods (Saitou and Nei, 1987) .
The strains Pse-w and Pse-AB were inoculated into a beef extract peptone liquid medium which contained 0 mM, 1 mmol/L, 2 mM, 4 mM, 6 mM CdCl 2 at 30∞C and pH 7.5 with constant shaking at 150 rpm. Growth curves were plotted by using a UV-vis spectrophotometer (Shimadzu, UV-2450, Japan) to determine values of absorbance at 600 nm at 2 h intervals.
Evaluation for PGPR characters. Various PGP activities, such as P-solubilization, indole acetic acid (IAA), siderophores, and hydrogen cyanide (HCN), of the bacterial strains were assayed both in the presence and absence of Cd 2+ under in vitro conditions. For indole acetic acid (IAA) production, Pse-w were grown in LB broth with the addition of 0.5 mg/L tryptohan and 0, 1, 2, 4 and 6 mM of Cd 2+ . One mL of overnight grown culture (10 8 CFU/mL) was added in 20 mL of Luria Bertani (LB) broth and incubated for 7 days at 30∞C with shaking at 120 rpm. Salkowski's reagent was prepared by dissolving 4.5 g of FeCl 3 in 10.8 mol of H 2 SO 4 L -1 . After incubation, the broth was centrifuged at 8,000 rpm for 10 min. The pellet was discarded and supernatant was collected. One mL of supernatant and 2 mL of Salkowski's reagent were mixed in a sterilized glass tube at room temperature and left for 25 min. The absorbance of the developed pink color was measured at 530 nm. The IAA concentration in the culture was determined using a calibration curve of pure IAA as a standard following linear regression analysis.
The productions of siderophores by Pse-w was detected using the Chrome Azurol S (CAS) method (Alexander and Zuberer, 1991) using the four concentrations (1, 2, 4 and 6 mM) of Cd 2+ added to CAS agar plates. For a quantitative estimation of siderophores, the Pse-w was grown in Modi medium (K 2 HPO 4 0.05%; MgSO 4 0.04%; NaCl 0.01%; mannitol 1%; glutamine 0.1%; NH 4 NO 3 0.1%) treated with 0, 1, 2, 4 and 6 mM for 5 days and Catecholtype phenolates were measured (Reeves et al., 1983) . For the assay, one volume of Hathway's reagent was added to one volume of the sample, and the absorbance was determined at 560 nm for salicylates with sodium salicylate as a standard.
The phosphate solubilization activity was quantitatively assayed using a liquid culture medium containing tri-calcium phosphate (TCP) amended with 0, 1, 2, 4 and 6 mM of Cd 2+ . The culture was incubated at 30∞C with constant shaking at 120 rpm for seven days. The culture supernatant was obtained by centrifugation at 8,000 rpm and used to determine phosphate solubilization through the calorimetric method of Fiske and Subbarow (1925) . A color reagent (750 mL), prepared by mixing 500 mL of 1.5 percent (w/v) ammonium molybdate in a 5.5 percent (v/v) sulfuric acid solution and 125 mL of a 2.7 percent (w/v) ferrous sulfate solution, was added to the sample solution (750 mL), and the production of phosphomolybdate was measured spectrophotometrically at 700 nm.
Construction Pseudomonas aeruginosa cell surface-display system and protein analysis by Western Blot.
The mouse MT gene was amplified from plasmid pUC19-MT by PCR using the primers 5¢-TGGGATCCATGGACCC-CAAC-3¢ and 3¢-TGGAATTCGGCACAGCACGT-5¢ and the inaK-N gene was amplified from plasmid pMPL03 by PCR using the primers 5¢-TGCTGCCAT-GGCTCTCGACAAGGCGTTGG-3¢ and 5¢-TAAGA-TCTGGATCCTGCGGCGTCGTCACCGG-3¢. The gene fusion was inserted into the plasmid pYMB03 (Ye et al., 2008) , which contained a constitutively-active promoter (PoprL). The resulting recombinant plasmid named pYCH ( Fig. 1) , was transformed into the strains Pse-w and Pse-AB by electroporation transformation (Nickoloff, 1995) , and the transformants were designated as Pse-w-MT and Pse-AB-MT, accordingly.
Recombinant strains were grown in BPD medium at 30∞C. Cell fractionation was carried out firstly for the recombinant strain Pse-w-MT and the original strain Psew using a method based on an ultrasonic differential solubilization of cell compartments with 2% Triton X-200 (v/ v) and a standard sucrose gradient-centrifugation procedure to verify surface localization of fusion protein inaK-N/MT on the recipient strain Pse-w (Shi and Su, 2001) . Western blot analysis was used to verify the surface localization of the fusion protein inaK-N/MT-1 on the strain Pse-w-MT cells. The extracted proteins were analyzed by western blot. The anti-metallothionein antibody [UC1MT]ab12228 (1/100 dilution) (Abcam, Hong Kong, China) was used as the first antibody and the goat antimouse IgG-HRP (1:10000 dilution; Yunhan Biology, Shanghai, China) was the secondary antibody. The color reaction was carried out by using an ECL kit (Poten Biology, Shenzhen, China) and then exposed to an X-ray film, according to the protocol specified by the supplier.
Scanning electron microscopy (SEM).
The strain Psew-MT was inoculated into a beef extract peptone liquid medium which contained 0 mM, 4 mM CdCl 2 at 30∞C and pH 7.5 with constant shaking at 150 rpm. The solution was then centrifuged at 10,000 rpm for 5 min and the pellet was washed 2 ¥ 3 times with deionized water. Images showing the characteristics of Pse-w-MT before and after sorption of Cd 2+ ions were observed using an SEM (JSM-6510A, Japan). The freeze-dried samples were coated with gold before observation. 2+ . The strains Psew-MT, Pse-w, and the strains Pse-AB, Pse-AB-MT, were grown to an OD 600 of 0.3 on MJS medium. They were then transferred to a fresh medium containing 3 mM 3methylbenzoate for induction and 0.3 mM CdCl 2 as the metal source, and the culture was allowed to grow up to an OD 600 of 1-1.5. Cells were harvested at 8,000 rpm for 10 min and the cell pellet was washed with distilled water for the determination of the total Cd 2+ . Samples for the determination of intracellular Cd 2+ were washed twice for 10 min with water containing 5 mM EDTA (pH 8) to remove metals adsorbed by the cell wall. Thereafter, the samples were freeze-dried for the determination of the intracellular accumulated, and cell wall-bound Cd 2+ (total Cd 2+ subtracted intracellular accumulated Cd 2+ ) and the dry weight. Cell pellets were dried at 90-100∞C and 0.1 g of dried pellet was digested with concentrated HNO 3 using a microwave digestion system and the lead content was analysed using atomic absorption spectroscopy (AAS) (Varian AA240 FS, Australia) (Jiang et al., 2008) .
Cell wall-bound and intracellular Cd
Plant growth conditions. Green peas (Pisum sativum L.) were selected for pot experiments, and their seeds were sterilized with sodium hypochlorite and soaked with a bacterial suspension (10 6 cfu/ml) for 1 h (green pea seeds soaked simply in sterile distilled water for 1 h in a clean sterile container were considered as a negative control). Garden soil was taken for pot experiments in 4 different clay pots which contained 25.3% silt, 28.6% clay, 46.1% sand, 9.42 cmol (+) /kg -1 of cation exchange capacity (CEC), 0.97% total organic carbon (TOC), and the soil pH was 7.1. The soil was first sterilized and then supplemented with 25 mg/kg of the CdCl 2 was added in pot 1, pot 2 and pot 3. Soil in pot 1 without Cd 2+ served as control. The contents of Cd 2+ were determined by graphite furnace atomic absorption spectrophotometry (Sollitto et al., 2010) . Eight green pea seeds soaked in a suspension of the strain Pse-w-MT were sown in pot 1, and eight green pea seeds soaked with a suspension of Pseudomonas Pse-w were sown in pot 2. In each of pots 3 and 4, eight unsoaked pea seeds were sown. Each pot was irrigated with sterilized tap water regularly. The experiment was carried out in triplicate and seed germination and plant growth was monitored for three weeks (Jiang et al., 2008; Naik et al., 2012) .
The seed germination percentage, total root growth and shoot growth were measured. The chlorophyll content was also determined by following the method of Arnon (1949) . The Cd 2+ content in roots and shoots was measured by the method of Ouzounidou et al. (1992) .
Data analysis.
All data presented are the averages of at least three assays. Statistical analysis was carried out using GraphPad Prism 5 statistical software. All data were subjected to a t-test analysis of variance. P < 0.05 was considered statistically significant.
Results

Isolation and Cd 2+ resistant characteristics of the bacterial strain
Cd-resistant bacterial strain Pse-w isolated from heavymetal-contaminated soil was gram negative and small rod shaped. This isolation indicated positive results to catalase, urease and gelatinase. The strain could utilise fructose, glucose and cellobiose as carbon sources, but revealed negative results to indole and methyl red tests. Based on biochemical characteristics following Bergey's Manual of Systematic Bacteriology, and 16S rRNA gene sequencing followed by an NCBI-Blast search, the strain Pse-w was identified as Pseudomonas aeruginosa ( Fig.  2A) . Figure 2B showed that the strain Pse-w could tolerate up to 4 mM CdCl 2 . However, Pse-AB could only tolerate 1 mM Cd and did not grow well under higher concentrations of Cd (Fig. 2C ). Pse-w showed a better growth compared with Pse-AB under 1 mM, 2 mM and 4 mM Cd, respectively, which suggested that Pse-w had a higher tolerance to Cd than Pse-AB.
Plant growth promoting activities
The strain Pse-w used in this study showed a considerable production of PGP substances when grown both with and without Cd 2+ (Fig. 3) . The effect of four concentrations (1, 2, 4 and 6 mM) of Cd 2+ on plant growth promoting traits like IAA, siderophore production (salicylic acid), and phosphate solubilization by Pse-w, was variable. Generally, the measured traits of the strain Pse-w, viz. phosphate solubilization, IAA and siderophore activities, progressively decreased with an increasing dose of metal. At the four concentrations of Cd 2+ , the PGP activities, such as IAA and phosphate solubilizing activity and the production of salicylic acid, of the strain Pse-w were all greater than those of Pse-AB.
Location of the fusion protein
To verify the surface localization of the fusion protein inaK-N/MT on the recipient strain Pse-w, cell fractionation was carried out firstly for the recombinant strain Pse-w-MT and then the wild type Pse-w (as a control strain). Western-blot analysis was performed to identify the expression of the fusion protein inaK-N/MT in cytoplasmic fraction (Cp), inner membrane fraction (IM), outer membrane fraction (OM) and whole cell lysates of the strain cells which were obtained from cell fractionation. A hybrid, with a molecular weight of about 50 kDa, appeared on the OM of the recombinant strain Pse-w-MT, but no hybrid appeared on IM (Fig. 4) . These values clearly indi- cated that the surface immobilization of the "inaK-N/MT" fusion protein was efficiently expressed, and firmly anchored, in the outer membrance of the recombinant strain Pse-w-MT cells. Figure 5A shows an SEM image of the untreated and Cd-loaded Pse-w-MT. Before the bioadsorption of Cd 2+ , the cells were smooth and plump and there were no folds on the surface (Fig. 5Aa ). However, after the bioadsorption of Cd 2+ , significant changes on the cell surfaces were observed. Figure 5Ab clearly shows that the cells shrank, and the surfaces were rough and wrinkled. It might be due to the deposition of Cd 2+ ions. These obvious differences could validate that the Cd 2+ ions were adsorbed by Pse-w-MT and deposited on the cell surfaces.
Cd 2+ bioadsorption determination
The measurement of cell wall-bound Cd 2+ content revealed that the net adsorption capacity of the strain Psew-MT was significantly increased by 45.94 and 28.63 nmol/mg dry cells, compared with Pse-w and Pse-AB-MT, respectively (Fig. 5B) . Therefore, the Cd-binding ability of Pse-w-MT showed a 3-fold increase over that shown by Pse-w, and it indicated that the expression of MT increased the capacity of the Pseudomonas aeruginosa strain Pse-w-MT to adsorb Cd. Moreover, the higher concentration was apparent in the Pse-w-MT cell wall (1.7-fold increase) compared with Pse-AB-MT. Taken together, these results indicated that the tolerant strains Pse-w-MT and Pse-w displayed a higher ability of Cd 2+ bioadsorption than Pse-AB-MT and Pse-AB, respectively.
Remediation of Cd 2+ toxicity in soil and plant growth promoting potential
After 3 weeks of experiments with pots, we observed that Cd 2+ induced a 29.17% reduction in the germination of green peas, along with a reduction of shoot growth (43.18%) and root growth (43.57%) in pot 3 compared with the control pot (pot 4). A significant reduction in chlorophyll content (41.36%) was also observed. As shown in Table 1 , the strain Pse-w resulted in an 83.33% seed germination and enhancement of root growth and shoot growth compared with pot 3. The application of strain Psew-MT, however, significantly enhanced root growth (75.90%) and shoot growth (73.24%) and chlorophyll content (62.50%) compared with pot 3. The Cd 2+ accumulated in pot 3 plants (without strain treatment) were 136.73 ± 17.14 mg/kg (roots) and 54.69 ± 5.32 mg/kg (shoots), and 112.36 ± 12.56 mg/kg (roots) and 46.35 ± 3.02 mg/kg (shoots) in pot 2 (with Pse-w treatment). There were no significant differences in the Cd 2+ concentration of pots 2 and 3. Interestingly, the inoculant strain Pse-w-MT (pot 1) significantly decreased the concentration of Cd 2+ in roots and shoots compared with pots 2 and 3 (both p £ 0.01). The concentration of Cd 2+ in roots and shoots of pot 1 plants were 60.89 ± 8.78 and 20.48 ± 2.34 mg/kg, respectively. The pot experiment clearly demonstrated that the strain Pse-w-MT showed a better ability to alleviate Cd 2+ toxicity and promote plant growth compared with Pse-w.
Discussion
For the development of an effective bioremediation system using microbe interactions, one of the important steps is to identify microorganisms which can survive in high levels of heavy-metal-contaminated sites. Therefore, several approaches have been adopted to study heavy-metalresistance mechanisms in microorganisms, and implement them in heavy-metal bioremediation since microbial bioremediation techniques are economically viable and ecofriendly (Holzel et al., 2012; Viti et al., 2014) . Our investigation clearly demonstrated that the Cd 2+ resistant Pseudomonas aeruginosa strain Pse-w could promote plant growth significantly. In this context, we exploited Pse-w for the bioremediation of Cd 2+ -polluted environmental sites by surface-displayed MT.
Under stress conditions, PGPR may enhance plant growth by different mechanisms such as by optimizing the supply of nutrients, stimulating plant growth by the synthesis of phytohormones IAA and 1aminocyclopropane -1 -carboxylate (ACC) deaminase, solubilization of inorganic phosphorus, bioaccumulation or leaching of metals and inhibiting the activity of pathogens (Yang et al., 2009) . In this study, the strain Pse-w possessed multiple PGPR traits such as the production of IAA, production of siderophores and solubilization of phosphate. The main effect of bacterial IAA production is the improvement of lateral and adventitious root growth and development that result from enhanced mineral and nutrient uptake (Golubev et al., 2011) . In addition to preventing plants from becoming chlorotic, PGPR also produced siderophores due to the availability of iron to plants when they were grown in heavy-metal-polluted soil (Glick, 2010) . In the present study, the production of siderophores by Pse-w was observed both under Cd 2+ stress and without Cd 2+ . Furthermore, bacterial inoculants could provide additional nitrogen and iron enabling the plant to synthesize more chlorophyll (Rasouli-Sadaghiani et al., 2010) . It was found that the reduction in root and shoot growth, seed germination, and leaf chlorophyll content was influenced by higher concentrations of Cd in soil. Our data showed soil inoculation with the recombinant strain Psew-MT was found to be helpful in minimizing the toxic effects of metals on plant growth.
Cysteine-rich MTs are the main metal-sequestering molecules used for bioadsorption of metal ions. Expression of MTs have been employed as biological chelators to increase the immobilization of Cd by bacterial cells (He et al., 2012; Valls et al., 2000) and it was found to bind four Cd 2+ ions (Winge and Miklossy, 1982) . Compared with intracellular accumulation, adsorption of heavy metal ions on the cell surface has greater merits; for example, metal ions bound on the cell surface could be desorbed and recovered with mild chemical treatment without damage to the cells (Kuroda and Ueda, 2006; Zhang et al., 2014) . We have shown that a hybrid fusion protein inaK-N/MT is efficiently expressed and firmly anchored in the outer membrance of Pseudomonas aeruginosa cells, providing a 3-fold increase in their metal-coordinating capacity and conferring a more protective effect upon Pisum sativum L. growth in polluted soils. Also, strain Pse-w-MT had a higher ability of Cd adsorption than Pse-AB-MT, which could be because Pse-w exhibited a better growth compared with Pse-AB in the presence of Cd. This showed that Pse-w might more possibly play a role as a suitable model of microorganism for the removal of Cd from high-risk Cd contaminated estuarine environmental sites as compared with Pse-AB.
This discovery of robust Pseudomonas aeruginosa strains having Cd resistance and an improvement of plant growth offers a worthwhile method to be used as a bioabsorbent of sheavy-metal ions. Data demonstrated that inoculation of the strain Pse-w-MT with surfaced-displayed MT not only promoted the biomass of plants, but also reduced the uptake of Cd in plant tissues, roots and shoots. These results fully support the engineering of robust Pseudomonas strains which are PGPR and grow well in Cd-contaminated field as being more realistic for bioremediation than ordinary strains.
